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Abstract

Introduction. Essential arterial hypertension is a major cause of cardiovascular morbidity and mortality.
Recent studies highlight the gut microbiome’s role in its development. This study assesses how gut
microbiome composition affects blood pressure and endothelial dysfunction in hypertensive patients
compared with healthy individuals.

Aim. To evaluate the influence of gut microbiome composition on blood pressure levels and its correlation
with pro-inflammatory (interleukin-6, IL-6) and anti-inflammatory (interleukin-10, IL-10) cytokines in
patients with essential arterial hypertension; to investigate changes in brachial artery diameter after limb
ischemia in patients with essential arterial hypertension depending on gut microbiome composition and
IL-6 and IL-10 levels, and to compare these indicators with a healthy control group.

Materials and methods. The study included 55 patients with essential hypertension and 20 healthy
individuals. All underwent clinical examination and blood pressure measurement. Gut microbiome
composition was analyzed, focusing on Bacteroides, Firmicutes, and the Firmicutes/Bacteroides ratio.
Proportions of subjects with reduced levels of Lactobacillus spp. (<107), Bifidobacterium spp. (<109),
Prevotella spp. (<1011), Acinetobacter spp. (<106), Roseburia inulinivorans (<1010), and Faecalibacterium
prausnitzii (<108) were recorded. Cytokine levels (IL-6, IL-10) were measured. Endothelial function was
assessed using flow-mediated dilation (FMD).

Results. Hypertensive patients had higher IL-6 and lower IL-10 levels than controls. Analysis revealed
significant microbiome differences, with microbial imbalance potentially associated with inflammation
and metabolic changes.

Conclusions. The study confirms the role of gut microbiome imbalance and cytokine dysregulation in
hypertension. Microbiome alterations may contribute to pathogenesis. Further research should explore
microbiome modulation as a potential therapeutic approach.
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INTRODUCTION

The gut microbiome (GM) plays a crucial role
in maintaining the body’s homeostasis by influencing
various biological processes, including the development
of cardiovascular diseases. Recent studies indicate a link
between gut dysbiosis and systemic inflammation, which in
turn may contribute to the development of essential arterial
hypertension (EAH) and endothelial dysfunction. This study
provides further insight into the mechanisms underlying
hypertension, highlighting the importance of gut microbiome
as a potential modulator in this process. The composition
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of the gut microbiome is primarily influenced by diet and
eating habits, as these determine the supply of nutrients
necessary for maintaining eubiosis — an optimal qualitative
and quantitative state of the intestinal microbiome [1-2, 7].

Gut dysbiosis refers to an imbalance in the normal
composition and function of the microbiome. This disruption
can activate various molecular mechanisms that lead to
systemic inflammation. In particular, increased intestinal
permeability and the translocation of microbial products
such as lipopolysaccharides (LPS) into the bloodstream
trigger immune system activation and chronic inflammation.
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This, in turn, is one of the main factors that may contribute
to the development of arterial hypertension [3, 9-10].

Systemic inflammation is a key factor not only in
disrupting normal cardiovascular function but also in
provoking endothelial dysfunction. The endothelium,
as the inner lining of blood vessels, is responsible for
regulating vascular tone, interacting with blood cells, and
maintaining normal blood pressure levels. Inflammation
caused by dysbiosis can impair endothelial function,
leading to the development of hypertension and other
cardiovascular disorders [4-6, §].

Moreover, recent research emphasizes the role of the
GM in regulating various metabolic pathways that directly
affect blood pressure. Thus, dysbiosis may be one of the
main causes of disrupted homeostasis, involving both
microbial and systemic mechanisms. Growing scientific
evidence suggests that studying dysbiosis may be a key
direction in understanding the mechanisms of essential
arterial hypertension [11-13].

AIM

The aim of this study is to evaluate the influence of
gut microbiome composition on blood pressure levels and
its correlation with pro-inflammatory (interleukin-6, IL-6)
and anti-inflammatory (interleukin-10, IL-10) cytokines in
patients with essential arterial hypertension; to investigate
changes in brachial artery diameter after limb ischemia in
these patients depending on gut microbiome composition
and IL-6 and IL-10 levels, and to compare these indicators
with a healthy control group.

MATERIALS AND METHODS

The clinical study was conducted in accordance
with the Law of Ukraine «On Medicinal Productsy,
Good Clinical Practice (GCP) standards, and the
ethical principles of the Declaration of Helsinki. The
study was approved by the Bioethics and Research
Ethics Committee of the Bohomolets National Medical
University (Protocol No. 167 dated 21.11.2022) and
was carried out at the clinical base of the Department

of Internal Medicine No. 1 from 2022 to 2024. Written
informed consent was obtained from all participants
before enrollment.

The study included 55 patients with essential arterial
hypertension aged 40 to 67 years. Inclusion criteria were:
men and women aged 40-75 years with stage II, grade 1
or 2 essential arterial hypertension, patients not previously
treated with antihypertensive therapy, and for women of
reproductive age — a negative pregnancy test and signed
informed consent.

Exclusion criteria included: stage III essential
hypertension, chronic kidney disease stages III-V (eGFR
<60 mL/min/1.73 m?), endocrine disorders, office systolic
BP <115 mmHg or diastolic BP <55 mmHg, atrial
fibrillation or flutter, second- to third-degree AV block
on ECG, NYHA class III-IV chronic heart failure, active
inflammatory processes (CRP >10 mg/L), history of acute
or chronic coronary syndrome, alcoholism, drug addiction,
mental disorders, infectious diseases, oncological or
hematological diseases, active gastrointestinal or liver
diseases, inflammatory bowel diseases (Crohn’s disease,
ulcerative colitis), IBS, renal artery stenosis, sarcoidosis,
urolithiasis, tuberculosis, pregnancy, and lactation.

The use of the following medications was prohibited
during the study: prebiotics, probiotics, antibiotics, and
laxatives. Study participants were instructed to maintain
a standard diet without significant changes throughout the
study period.

The control group consisted of 20 healthy individuals
with no history of hypertension, cardiovascular disease,
diabetes mellitus, or other metabolic disorders, and who
had not taken antihypertensive medications.

The mean age in the study group was
51.18 £ 7.12 years, and 47 £ 5.06 years in the control
group. Systolic blood pressure (SBP) was 155 [148-159]
mmHg and 128 [118-131] mmHg; diastolic blood pressure
(DBP) was 95 [92-96] mmHg and 79 [82-68] mmHg in
the study and control groups, respectively. The groups
were comparable in terms of mean age (p = 0.018) and
sex distribution (p = 0.850). Data are presented in Table 1.

Table 1
General Characteristics of the Study Groups
Comparison groups

Parameter Study group Control Group P
Age, years 51,18+7,12 47+5,06 0,018
Sex,n |male 28(51%) 9(45%) 0,850
(%) female 27(49%) 11(55%) -
SBP, mmHg 155 [148-159] 128 [118-131] <0,001
DBP, mmHg 95 [92-96] 79 [82-68] <0,001
Firmicutes/Bacteroides ratio, (F/B ratio) 6,6 [5,2-7.9] 1,5[1,1-2,7] <0,001
Firmicutes spp., % 70 [62-74] 40 [36-53] <0,001
Bacteroides spp., % 10,9 [8.6-13.9] 27 [20-33] <0,001
Interleukin-6 (IL-6), pg/mL 1,96 [1,74-2,22] 0,86 [0,8-0,95] p<0,001
Interleukin-6 (IL-10), pg/mL 3,7 [2,88-4,74] 4,25 [3,15-5,2] 0,163
FDM, % 7 [5-10] 10,5 [8-13,5] p<0,001
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All patients from the study and control groups
underwent analysis of the main types of gut microbiome:
Bacteroides, Firmicutes; the proportion of patients
with decreased levels of Lactobacillus spp. (<10"7),
Bifidobacterium spp. (<10"9), Prevotella spp. (<10"11),
Acinetobacter spp. (<10"6), Roseburia inulinivorans
(<10"10), Faecalibacterium prausnitzii (<10"8) was
determined, and the Firmicutes/Bacteroides ratio
(F/B ratio) was evaluated.

Sampling for the analysis in the study group was
carried out prior to the initiation of antihypertensive
therapy to avoid drug-related effects on the gut
microbiome. Sample collection and storage were
conducted according to the protocol developed by the
«Diageny laboratory.

Real-time polymerase chain reaction (PCR) was
performed at the «Diagen» laboratory using the Rotor-
Gene 6000 thermal cycler (Qiagen, Germany). Serum
interleukin-6 (IL-6) and (interleukin-10) IL-10 levels
were measured using enzyme-linked immunosorbent
assay (ELISA) kits (Elabscience, USA) in accordance
with the manufacturer’s instructions. Detection limits:
IL-6-0.2 pg/mL, IL-10-0.1 pg/mL.

Endothelium-dependent  dilation (flow-mediated
dilation, FMD) of the brachial artery was assessed by
duplex ultrasound (GE Vivid S60, probe 7.5-12 MHz).
Reactive hyperemia was induced by inflating a cuff on the
upper arm for 5 minutes. Measurements were taken before
compression and 60 seconds after release. FMD (%) was
calculated as the percentage change in artery diameter
compared to the baseline value.

Statistical analysis was performed using EZR
software version 2.8 (Saitama Medical Center, Jichi
Medical University, Japan), which is a graphical user
interface for the R software package (The R Foundation
for Statistical Computing, Austria). Wilcoxon’s W test was
used to compare quantitative data, and Fisher’s exact test
(with Yates’ correction) was used to compare categorical
data (i.e., frequency of deviations from laboratory norms).
Normality of distribution was checked using the Shapiro—
Wilk test. Normally distributed data are presented as
mean + standard deviation; non-normally distributed data
are presented as median and interquartile range.

RESULTS

Systolic blood pressure (SBP) in the study group
was significantly higher (155 [148-159] mmHg) compared
to the control group (128 [118-131] mmHg), p < 0.001.
Diastolic blood pressure (DBP) was also significantly
higher in the study group (95 [92-96] mmHg) than in the
control group (79 [68-82] mmHg), p < 0.001.

Gut microbiome composition showed a markedly
elevated Firmicutes/Bacteroides ratio in the study
group — 6.6 [5.2-7.9], compared to the control group — 1.5
[1.1-2.7], p < 0.001. The proportion of Firmicutes spp. in
the study group was 70 [62-74] % and was significantly
higher than in the control group (40 [36-53] %), p < 0.001.
Conversely, the proportion of Bacteroides spp. was
significantly lower in the study group (10.9 [8.6-13.9] %)
than in the control group (27 [20-33] %), p < 0.001.

A comparison of the pro-inflammatory cytokine
IL-6 levels showed a significantly higher concentration
in the study group (1.96 [1.74-2.22]) than in the control
group (0.86 [0.80-0.95]), p < 0.001 — more than a twofold
difference.

The anti-inflammatory cytokine IL-10 did not
show statistically significant differences between the
study group (3.7 [2.88-4.74]) and the control group
(4.25 [3.15-5.2]), p = 0.163. The change in brachial
artery diameter (flow-mediated dilation, FMD) before
and after limb ischemia, according to duplex ultrasound,
was significantly lower in patients in the study group
(7 [5-10] %) than in the control group (10.5 [8-13.5] %),
p <0.001.

Based on the correlation analysis, several
statistically significant associations were identified.
Notably, a moderate positive correlation was observed
between IL-6 and systolic blood pressure (r = 0.474,
p < 0.001), and a weak positive correlation with diastolic
blood pressure (r = 0.268, p = 0.0479) (Table 2).

Additionally, there was a moderate positive
correlation between IL-6 and the Firmicutes/Bacteroides
(F/B) ratio (r = 0.517, p < 0.001), as well as a moderate
negative correlation with the Bacteroides spp. proportion
(r=-0.527,p <0.001) (Table 2).

Table 2
Correlation Analysis of Parameters

Parameter IL-6 IL-10 FDM
SBP 0.474 - -
DBP 0.268 - -
F/B ratio 0.517 - -0.559
Firmicutes spp. - - -
Bacteroides spp. -0.527 - 0.643
IL-10 -0.29 - -
FDM -0.43 - -

Note: Only statistically significant correlations (Pearson’s correlation coefficients) (p<0.05) are presented.
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DISCUSSION

The results obtained confirm the existence of an
association between gut microbiome dysbiosis, changes
in cytokine profile, and endothelial dysfunction in
patients with essential arterial hypertension (EAH).
The established significant increase in the Firmicutes/
Bacteroides (F/B) ratio in patients with EAH is consistent
with previous studies, in which an elevated value of this
index was considered a marker of dysbiosis and metabolic
disturbances [12, 13]. An excessive proportion of
Firmicutes may potentially be associated with increased
production of short-chain fatty acids, particularly acetate,
which, as previously shown, contributes to elevated blood
pressure through activation of the sympathetic nervous
system and the renin-angiotensin-aldosterone system [3].

A decrease in Bacteroides, on the contrary, may
reduce butyrate production — a metabolite with anti-
inflammatory  properties that supports endothelial
integrity [4, 9]. The identified positive correlation between
Bacteroides concentration and flow-mediated dilation
(FMD) confirms the hypothesis of these bacteria’s
involvement in maintaining normal vascular tone.

Significantly elevated IL-6 levels in patients
with EAH were accompanied by reduced endothelial-
dependent dilation and positively correlated with systolic
and diastolic blood pressure, aligning with existing data
on the pro-atherogenic and vasoconstrictive effects of
this cytokine [9]. IL-6 may suppress nitric oxide synthesis
in the endothelium, promoting vascular dysfunction [9].
The negative correlation between IL-6 and IL-10 levels
indicates an imbalance between pro- and anti-inflammatory
mechanisms. IL-10 is known to have a protective effect on
the vascular wall by inhibiting the expression of adhesion
molecules and the production of reactive oxygen species [9].

Thus, the results suggest that gut microbiome
dysbiosis may be one of the factors contributing to
endothelial dysfunction through a mediated immune-
inflammatory response. The established correlations
do not allow us to draw causal conclusions, but they
underscore the potential pathophysiological role of the
microbiome in the development of hypertension.

A limitation of the study is the small sample size,
lack of stratification by hypertension stage, and the
absence of an assessment of dietary influence, physical
activity, or antihypertensive medication use on the
microbiome. Further studies should include larger cohort
samples, longitudinal observation, and interventional
approaches (e.g., probiotic or prebiotic supplementation)
to confirm the proposed hypotheses.

CONCLUSIONS

Patients with essential arterial hypertension show
alterations in gut microbiome composition associated
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with higher blood pressure levels. In particular, an
increased relative abundance of Proteobacteria and
reduced microbial diversity were linked to higher
systolic and diastolic blood pressure values. A higher
proportion of conditionally pathogenic bacteria in the
gut microbiome was associated with elevated levels of
the pro-inflammatory cytokine IL-6 and reduced levels
of the anti-inflammatory cytokine IL-10. This indicates
the involvement of the microbiome in the formation
of a systemic inflammatory state, which may influence
the pathogenesis of arterial hypertension. Patients with
essential hypertension exhibited impaired flow-mediated
dilation of the brachial artery following ischemia,
indicating endothelial dysfunction. The severity of this
impairment was associated with gut microbiome dysbiosis
and elevated IL-6 levels. Compared to the control group
of healthy individuals, patients with hypertension had
higher IL-6 levels, lower IL-10 levels, impaired vascular
reactivity, and significant differences in microbiome
composition, supporting the association between the
microbiome, cytokine profile, endothelial dysfunction, and
arterial hypertension.

Perspectives for further research. Future research
should focus on a more detailed study of the mechanisms
linking gut microbiome composition, its metabolites,
and systemic hemodynamics in patients with essential
arterial hypertension. It would be advisable to expand
future studies by including larger samples, investigating
genetic polymorphisms that affect immune responses and
microbiome metabolism, and developing personalized
probiotic interventions based on the patient’s baseline
microbiome profile.
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Pe3rome

3B’A30K MDK KULLKOBMM MIKPOBIOMOM, MPO®INEM LUTOKIHIB TA EHOOTENIANBHOKO AUCOYHKLIEKD
Y NALIEHTIB 3 ECEHLIANIBHOKO APTEPIAJIBHOIO FNEPTEH3IEIO
Baguwm I. Wunynin, Bnapucnas A. ToBcTura

HaujoHanbHuin MeguuHuia yHiBepeuTeT imeHi O. O. Boromonbug, M. Kuis, Ykpaita

Bcryn. EceHinjasbHa apTepiajibHa TinepTeH3ii € OCHOBHOKW MPUYMHOK CepLEeBO-CYAUHHOI 3aXBOPIHOBAHOCTI
Ta cMepTHOCTi. HemofaBHi mociifkeHHsS MiJKPECJIOITh pOJib KHULIKOBOTO MiKpob6iomy B Horo po3BUTKY. lle
JOCTiPKeHHs1 OLiHIOE, SIK CKJIaJ, KHUIIKOBOrO MiKpO6ioMy BIJIMBAa€E Ha apTepiaJlbHUM THUCK Ta eHAOTesiaJlbHy
AUCcOYHKILIIO y NALi€HTIB 3 rinepTeH3i€0 MOPiBHAHO 3i 3[0pPOBUMHU JIIOAbMU.

MeTta. OuiHUTH BIUIMB CKJIaZy KHIIKOBOrO MiKpo6ioMy Ha piBeHb apTepiaJibHOTO THCKYy Ta HOro KOpeJsLiio
3 mposanajJbHUMU (iHTepJselkiH-6, IL-6) i mporusananeHuMu (iHTepselkiH-10, IL-10) nuToKiHaMu y mHaljieHTIiB
3 eceHIia/IbHOIO apTepiaJibHOI0 TinepTeH3i€r; AOCAIAUTH 3MiHU JiaMeTpa MJe40BOi apTepii micjd imeMii KiHI[iBKU
y NaLi€HTIB 3 eCeHliaJIbHOI0 apTepiajbHOI TiepTeHsi€r 3a/eXHO0 BiJi CKJIaJy KHUIIKOBOro MiKpo6ioMy Ta piBHIB
[JI-6 1 IJI-10, a Takox NOPiBHATH 1ii NOKa3HUKH 3 FPYIOI0 3[0POBUX OCib.

Marepiasu Ta MeTOAHU. Y foCTiKeHHA 6Y/10 BKJIIOYEHO 55 MalieHTiB 3 eceHLia/IbHOI apTepiaJbHOIO rinepTeH3iero
Ta 20 370poBUX 0Ci6. Yci yYaCHUKM NMPOUIIIN KIiHIiYHEe 06CTeXEeHHs Ta BUMIipIOBaHHS apTepiaJibHOrO THCKY. byso
NpoaHali30BaHO CKJIAJ KHUIIKOBOI MiKpo6ioTH 3 akieHTOM Ha Bacteroides, Firmicutes Ta Firmicutes/Bacteroides
cniBBigHomeHHs (F/B cniBBifHOUIEHHS). BU3Havya/Mcsa 4acTKU yYacHUKIB 31 3HMKeHUM piBHeM Lactobacillus spp.
(<107), Bifidobacterium spp. (<109), Prevotella spp. (<1011), Acinetobacter spp. (<106), Roseburia inulinivorans
(<1010) i Faecalibacterium prausnitzii (<108). BumiptoBanucs piBHi nurtokisiB (IJI-6, [J1-10). ®yHkuiro eHzoTeito
OLIiHIOBAJIX 3a [0NIOMOT 00 TeCTY Ha eHZ0TeNii3a/IeXKHy Ba3ouaTalio.

Pe3ynbraTH. Y mauieHTiB 3 rinepreHsielo piBeHb [JI-6 6yB BummM, a piBeHb [JI-10 HIKYKM, HK y KOHTPOJIbHIH
rpyni. AHai3 BUABUB 3HauHi BiZAMiHHOCTI B Mikpo6ioMi, MpU4oMy MiKpOGHHH JHcOaaHC MOTEHLiHHO OB’ A3aHUH i3
3anaJleHHAM Ta MeTab60/iYHUMU 3MiHaMU.

BucHoBKHU. JlocaimxkeHHsI OiATBep[KYy€E poJib JAUCGaNaHCy KHULIKOBOTO MiKpo6ioMy Ta MNOpYLIEHHS peryasmil
LUTOKIHIB y maToreHe3i apTepianbHoi rinepTeHsil. 3MiHM B Mikpo6ioMi MOXyTb OyTH BaXKJIHUBUM (GAKTOPOM
PO3BUTKY 3axBoploBaHHA. [lomasnbiui JocaiP)KeHHSI MalThb OyTH 30CepeKeHi Ha MOXJIMBOCTAX Moaudikamii
MiKp0o6ioMy SIK TOTEHLiHHOI TepaneBTUYHOI cCTpaTeril.

Kawouosi cnoea: cepueBo-CyIUHHI 3aXBOPIOBAaHH#A, rinepTeH3is, KUIIKOBUN MiKpo6ioM, AMc6io3, HUTOKiHH,
€HAOTeJIil CyJuH
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